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Title: 



SMART TEMPERATURE SENSING DEVICE 



FIELD OF THE INVENTION 

This invention generally relates to a temperature sensing device More 
Pan.cular,y, the invent.on relates to a pre-progratnmed stnan temperature sensor havtn. 
c^ston, ca,.hrat.on coefncents uniquely charactert.ng the sensor stored tn a memorv ^ 
local to ine sensor. 

BACKGROUND OF THE INVENTION 

.„ ^ sen^. T,e ,™pe„,„e se^, .„„„e.„ an e.ecrica, signal wh.h ,s 
.nd,ca.,vc of U,c ,o.p.,a.„. of *e e„v«, ,o elecHca, conversion ci.„.„, ..le„ 
conveys .heelecica, signa, i„.o a ..pe,a,.eand s»bse,nen.,, d.splays i, ,o a „se, A 
problem often arises, however, in ,„a, „,any conven.iona, pn„, an ,e.pe«„„ sensing 
so,y do no, provide for highly accura.e .e.perarurc readings because .he sensors are 
no, adeqnarely eahbrared for use wi,h ,he elecrical conversion circuitry 

One prior an soluuon ,o ,his problcn, was ,o calibra.e a given sensor over a 
>en,pera,urc ra„,e by p.acng genera, cai.brauon infonna.ion i„,o a memory associated 
WKh ,he c„nvers,„n circuury. Th,s genera, ealibra.ion infom,a,io„ suffered from ,he 
drawback ,ha, each sensor in use is no, iden.iea,, bu, ra,her has i,s own in,erna, variation. 
Therefore, .he genera, ca,ibra,io„ da,a used wi.h,„ ,he elecrica, conversion circui.ry d,d 
no, provide for an aceurare ,e„,pera.ure ,e,«n, for any one particular sensor 

Another solution involved ca,ib,a,ing a given sensor over a number of d. neren, 
.emperarures and s,ori„g ea,ibra,ion i„fom.a,ion wi,hi„ a memory assoeia.ed with the 
electneal conversion circuity. ,„ this manner, the sensor was calibrated and bad u„i,ue 
caltbratton information associated with it in ,he electrical conversion circuitty This 
so u„„„. however, suffered ftom the drawback tha, the useft, life of a sensor is often 
substantially sh„„er than the usefc, ,.fe of the conversion cireu,,^. Therefore, when a 
sensor needed to be replaced, the unique calibration informarion wi,hi„ ,he elecical 
conver^ton circuitry was no longer applicable to a replaeemen, sensor. Whenever a 
sensor needed ,„ be repiaced (whieh was f,e,ue„„, a user needed ,o replace bo,h .be 
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sensor and the substantially more expensive electrical conversion circuitr>'. This resulted 

in high cost and expense to tlie user. 

In addition to the above prior art limitations, prior art methods of calibrating a 
sensor consisted of using linear approximations to characterize a sensor over a 
temperature range. In this manner, typical linear conversion methodologies such as look- 
up tables were utilized, but the linear approximations provided poor accuracy since 
temperature sensors do not behave linearly over a broad range of temperatures. 
Therefore, even when a sensor was calibrated, its calibration consisted of inaccurate linear 
approximations. 

SUMMARY OF THE INVENTION 
In one aspect of the invention, a temperature sensing device includes a sensor and 
a memory coupled together on a holder, wherein the memory contains a plurality of 
custom calibration coefficients which uniquely characterize the sensor. The smart sensing 
device may also have a remote processor coupled to the sensor. The remote processor is 
operable to access the plurality of calibration coefficients from the memory and an 
electrical signal from the sensor. Th- rc.uote processor calculates the temperature value 
at the sensor by utilizing the calibration coefficients in conjunction with the electrical 
signal. The sensor and the memory are resident together on the holder used in taking the 
thermal measurement; therefore the sensor and niemor>' are local to the sensed 
environment while the processor is remote from the holder, yet remains in electrical 
communication with the sensor and the memory. The memory may also contain other 
pieces of custom data which is uniquely associated with the sensor such as time constant 
data, maintenance data, intended use data, regulatory data or cold junction compensation 
coefficients to further aid in accurately determining the temperature at the sensor and 
improve sensor reliability. 

In another aspect of the invention, a method of calibrating a thermal sensor 
mcludes measuring an output signal of the sensor over a temperature range, thereby 
obtaining a plurality of paired data points. The method also includes the step of utilizing 
the paired data points in a mathematical curve fitting algorithm to obtain coefficients to a 
polynomial that characterizes the performance of the sensor over the temperature range. 
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The calibration cocfficie„,s then „„.ed wi,hi„ a which is associated .,,h .hc 

sensor. 



in ye, aooiher aspec, of ,he i„ve„,i„„, a n,=,h„d of „,aKi„g ,he™al measuremen,,. 
■ncludes a s,cp of sending calibration data fr„„ a sensor ,o a processor, where.n ,he 
cahbranon da(a represen,. calibration information wh.ch uniqttely characterizes the 
«nsor. The ntethod also includes the steps of measuring a temperature at the sensor 
communicating an electrical signa, from the sensor to the processor, and conven.ng the 
electncal signa, into a temperature reading via the p^cessor by utiliing the calibration 
data in a conversion algorithm. 

m a funher aspec, of the invention, a method of providing custom calibration 
sensors for measuring temperature includes the step of measuring a voltage or resistance 
value of a thecal sensor over a range of temperatures, and calculating a plurality of 
custom calibration coefficients which uniquely characterize the sensor using the 
cahbration coefficients. The method also includes the step of storing the custom 
cal.brat.on coefficients in the memory associated with the sensor. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the annexed drawings: 

Figure 1 is a block diagram illustrating a smart temperature sensing device 
coupled to a field signal acquisition unit in accordance with the present invention- 

F.gure 2 ,s a schematic diagram illustrating the smart temperature sensing dev.ce 
coupled to the field signal acquisition unit; 

Figure 3 is a detailed block diagram of .he smart temperature sensing device and 
the field signal acquisition unit; 

Figure 4 is a schematic diagram illustrating the smart temperature sensing device 
coupled to a computer; 

Figure 5 is a table illustrating a plurality of paired temperature data points and 
calibration coefficients; 

Figure 6 is a schematic diagram illustrating the computer coupled to the memory 
of the smart temperature sensing device; 

Figure 7 is a graph exemplifying the error associated with linear approximations 
of the voltage-temperature relationship of sensors; 
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F.gure 8 ^s a schematic diagram illustrating in greater detail the smart temperature 
sensing device, illustrating the memoty and an RTD-type temperature sensor- and 

Figure 9 is a schematic diagram illustrating in greater detail a sman temperature 
sensmg device according to another embodiment includmg a thennocouple-type 
temperature sensor and the memory. 

DETAILED DESCRIPTION OF THE INVENTION 

The invention relates to a calibrated smart temperature sensing device 
having nonlinear calibration data which reflects a historical nonlinear behavior of a class 
of sensors over a temperature range. The nonlinear calibration data (or coefficients) are 
stored .n a memoo^ within a sensor unit which includes a sensor. When in use the sman 
temperature sensing device is in electrical communication with a field signal acquisition 
umt (or conversion circuitry) which downloads the calibration coefficients from the 
-emoo^ of the smart temperature sensing device. The smart temperature sensing device 
transfers a signal to the field signal acquisition unit which is indicative of the temperature 
at the sensor which converts the signal into a temperature using the nonlinear calibration 
cocfn,:,nts of the smart temperature sen.-^ing device. 

The smart temperature sensing device may alternatively contain custom 
calibration data which uniquely characterizes the sensor. Prior to use, the smart 
temperature sensing device is calibrated over a rar.ge of temperatures bv measuring its 
output signal over a temperature range and calculating custom nonlinear calibration 
coefficients. The calculation of the custom nonlinear calibration coefficients may be 
accomplished using a least squares fitting algorithm. The calibration coefficients 
un.quely characterize the sensor and are stored in the memory within the sensor unit The 
smart temperature sensing device provides high accuracy by using the custom calibration 
coefficients that uniquely characterize each sensor. Further, the custom calibration 
coefficients provide high accuracy because they are nonlinear coefficients that satisfy a 
polynomial which accurately characterizes the nonlinear behavior of the sensor overthe 
temperature range. 

The smart temperature sensing device may also provide additional infomiation to 
the field signal acquisition unit; such additional information includes: 
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a ..me constant for sensor speed of response, maintenance data based on the sensor tyoc 
-tended use environn,ent data for sensor drift, regulato:^ infonnation that n.ay be " " 
specific to a particular customer, and cold junction compensation coemdents for 
thermocouple-type sensor 

Figure 1 is a block diagran, i,|„s„a,i„e sman .cperawre sensing dev,ce 10 
coupled .03 field signal ac,„,si,io„ „ni, (FSAU) ,2. The sn,an ,e„,pe,a,ure sensing 
dev,„ ,0 senses a ,en,pe„,„. of i,s e„v.ron.e„, and sends an analog electronic signal ,„ 
.^e FSAU n. The FSAU 12. in convens .he elecrical signal f™„ ,hesn,an seising 
device 10 i„,o a value indicalive of the .crape«,u,e of .he e„vi™„„,e„,. 

Figure 2 is a schema.ic diagram illustra.ing in greater detail .he smar, .empemure 
sens,ng device 1 0 coupled .o ,he FSAU 12. The s.a„ .en,pera,ure sensing device , 0 in 
one en,bodin,cn.. contprises a sensor uni, 14 including a handle ponion 1 5 and a 
.en,pcra,urc sensor , « coupled .ogeUter via a spacer ponion ,8. The spacer pon.on , 8 
serves ,o provide a suitable distance between the handle ponion 1 5 and the ,=„,p=,a,ure 
sensor 16 under circumstances in which the themtal cnvironnten, a, the tentpera.ure 
sensor ponion 16 is substandally hot or cold .o protect a„,. plastic materials, elecronics 
or potung contpounds associated with the sensor uni, , , fro. ,hen„a, dantaae and prcec, 
a user's hand on the handle po„,o„ 1 5 fron, suffering any d.scontfon. Altenratively .he 
sman temperature se„s,„8 devtce 1 0 could operate w.thou, the spacer ponion 1 8 and 
thereby .ncorporate the handle ponion 1 5 and the temperature sensor , 6 together on or 
wtthtn the same sensor unit ,4. I„ an alternative embodiment, the sman temperature 
senstng devtee 1 0 may funher isolate the sensor unit 1 4 from the temperature sensor 1 6 
by .ncorporating each in.o separate housings or subunits. wherein both remain separate 
from the FSAU 12. 

The smart temperature sensing device 10 is coupled to the FSAU 12 through a 
w.re connector 20. The FSAU 12 includes a display 22. control ..obs 24. ^d conversion 
-retry (not shown ) which is inten^al to the FSAU 1 2 and converts the analog electncal 
stgr^al from the smart temperature sensing device 10 into a value representative of the 
temperature at the temperature sensor 1 6. The FSAU 1 2 displays the temperature on the 
display 22 and the control knobs 24 (which are optional) are used to alter the contrast of 
the d.splay 22. convert the temperature display from degrees Farenheight to degrees 
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Celsius or alternatively to degrees Kelvin, or provide other control functions. 
Alternatively, the FSAU 12 may include additional buttons or other control indicia to 
effectuate conversion functions. 

Figure 3 is a block diagram illustrating the internal circuity of both the smart 
temperature sensing device 10 and the FSAU 12. The smart temperature sensing device 
10 has a memory 25 and the temperature sensor 16 coupled to a noise suppression circuit 
26. The memory 25 and the noise suppression circuit 26 are connected to the FSAU i 2 
through a P2 connector 27, which is a common paraiiel-type connector, which couples the 
smart temperature sensing device 10 and ihc FSAU 12 together. Alternatively, a different 
type of connector may also be utilized such as a bundled wire harness. The FSAU 12 
includes a processor 28 connected to a memorj- 30, an analog-to-digital convener 32, and 
the display 22. The memory 25 of the smart temperature sensing device 10 is coupled to 
the processor 28 via the P2 connector 27, and the noise suppression circuit 26 is coupled 
to the analog-to-digital converter 32 as well. Alternatively, the memor>' 25 may be 
located in either the handle portion 1 5, the spacer portion 1 8 or the connector 27 where, in 
each case, the memory 26 is separate from the FSAU 12. 

The smart temperature sensing device 10 works in conjunction with the FSAU 12 
in the following manner. The memory 25 of the smart temperature sensing device 10 
contains, in one embodiment, historical calibration data that characterizes the nonlinear 
behavior of a class of sensors over temperature. For example, if the temperature sensor 
16 is a thermocouple-type sensor, the nonlinear historical calibration data represents the 
average nonlinear behavior of many thenmocouple-type sensors mat have been calibrated 
in the past. In this manner, the historical calibration data represents the average nonlinear 
behavior for thermocouple-type sensors. Similarly, different nonlinear historical 
calibration data will be used for other type temperature sensors 16 such as an RTD-type 
temperature sensor. In another embodiment, the memory 25 of the smart temperature 
sensing device 10 contains custom calibration data which uniquely characterizes the 
nonlinear behavior of the temperature sensor 1 6. Calibration coefficients are determined 
and loaded into the memory 25; how this is accomplished will be discussed infra. Upon 
mitially coupling the smart temperature sensing device 10 to the FSAU 12 (via the P2 
connector 27) the processor 28 immediately accesses the memory 25 to download the 



wo 98/13677 



7 



PCT/US97/I7068 



cus,„m calibmion cocffioiems rcsidcn, ».,hi„ ,hc memory 25 i„,o ,he memory 30 of ,he 
FSAU ,2. The .empemure sensor 16. upon being placed in iis respee,ive lempcramre 
cnvronmem, senses ,he ,empe,„ure ^ „„,p„,s an analog eleeirica, signal ,„d,ca.ive of 
.he .empera,„.e. The analog elecrieal signal, in a prefer^d embodiment, passes fcouch 
.he no,se suppression eireui. 26. which effectively filters d,e analog electrical s,»nal " 
preferably through a band-pass filter arrangement, and elimtnates noise associated with 
.he stgnal. TTte noise suppression circutt 26 then passes the filtered electrical signal to the 
analog.,o- digital converter 32 via the P2 connector 27. The anal„g-,„.digi,a, converter 
conveys the analog filtered electrical signal into a digital signal (or binary wo,^) for 
■he processor 28 which conveys, using the custom calibration coefficients now resident 
w,.h,n the memory 30, the d.gital signal into a temperature value which accurately 
represents the temperature of Ure environmem at the tempet^ture sensor 16 The 
processor 28 converts the elecu-ical signal, which is a voltage (EMF) or reststance value 
mlo a temperature through the following algorithm: 

Temperature- CO + CI. EMF. C2-EMF.C3-EMF.. . . , .CS-EMr-. wberetn CO 
CI. . .C8 represents the custom calibration coefficents and EMF represents the voltage " 
value (typically in millivolts) or resistance value (in ohms,. The processor 28 then 
displays that temperature value via the display 22. 

The memory 25 within the smart temperature sens.ng device 10 mav also contam 
add,t,onal data to prov.de tmproved conversion accuracy and system reliabiltty For 
example, the memory 25 may store a time consumt associated with the panicular 
.emperature sensor 1 6. The time constant represents the time i, takes for Ure temperature 
sensor 1 6 to respond to a change in tempet^tute. The processor 28 may use the time 
constant data in at least two ways: first, if the temperature sensor 16 is sensing the 
.entperature at a number of differem temperantre interactions, the processor 28 Icnows 
how long to wait to eonver, the signal fmm the temperature sensor 16 to ensure that the 
measurement is accurate. Second, if the proees^r 28 is also controlling the heating or 
cooltng of an oven apparatus, it may use the time constant data in a temperature comrol 
algorithm to more precisely conttx>l the temperature. 

Additional data within the memory 25 may consist of maintenance data regarding 
matntenance scheduling for the temperature sensor 16. For example, ifthe temperature 
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sensor 16 should be tested or checked eveo' "X" days, the memory 25 may download "X" 
to the processor 28 which will begin incrementing a clock. When the clock reaches "X", 
the processor 28 will communicate to the user via the display 22 that the temperature 
sensor 28 requires maintenance. The data within the memory 25 may include data for 
temperature sensor type ("X" days for RTDs. "Y" days for thermocouples, etc.) or sensor 
use (replace or repair ever>' "Z" measurement). 

In addition to the above options, the memory 25 may also contain intended use 
environment data. Fo^ example, temperature sensors 16 experience a known drift when 
measuring temperatures in a particular environment over time. The processor 28 may use 
this inlendcd use environment data to approximately offset measured temperatures in that 
particular environment over time, thereby accurately taking into account drift within the 
particular temperature sensor 1 6. Because drift is a function of the particular 
environment, the temperature sensor 16 may be uniquely customized for a particular 
intended use environment. 

Regulatory data specific to a particular customer may also be stored within the 
-cmoo' 25. For example, ISO-9000 specification requirements, internal quali:, control 
standards, or UL mandates may require that particular actions be taken at various limes to 
monitor, replace or repair the temperature sensor 16. In a manner similar to the 
maintenance data, the processor 28 downloads this data and provides prompts to the user 
via the display 22 to ensure that the regulatory requirements are addressed. Such 
regulator)' data may also include data on the date of the sensor's manufacture, its material 
lot, when and where it was tested, a serial number of other traceability infonnation. 

Cold junction compensation coefficients for thermocouples may also be 
downloaded into the memory 25. As is well known for a thennocouple-type sensor, a 
separate sensor is placed at the cold end of the thermocouple junction and the sensor must 
convert its output into an equivalent thennocouple signal in millivolts to subsequently 
calculate the temperature at its "hot" end. Since each style thermocouple (type K,C,J or T, 
for example) has its own unique conversion parameters, a universal conversion algorithm 
results in inaccuracies. Since each temperature sensor 16 (when using a thermocouple- 
type sensor) will know the style thermocouple being used, the unique compensation 
coefficient may be placed within the memory 25 for subsequent use by the processor 28. 
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Therefore, a plethora of da.a may be placed within the memory 25 which is unique 

each temperature sensor 16. thereby providing improved conversion accuracy and sensor 
reliability. 

Figure 4 in„s.,a,cs a caliora.ion sys.em 34 having ,h= sma„ ,emp=ral„re sensing 
dev.ce ,0 eoupled ,o a co.p„,er 36. The ealibra.ion sys.e™ 34 is p„fe«b,y utilised p™, 
.0 sale of .he sman ,empera>„,e sens.ng device 10 such .ha, purchase of U,e smar, ■ 
•emperaiure sensing device 1 0 will include ,he custom calibration da,a already resident 
wtth .he ntentory 25. The calibration systen, operates by placing the sensor unit 14 in a 
thermal env.ronmen. having a known temperature. The sensor u„i, ,4 outputs an analog 
s,enal .0 the computer 36 simultaneously .vith a recording of the known .empera.ure bv 
me computer 36. The .hcnnal environment temperature is known to the eomputer 36 v.a 
a s,g,utl from a standard sensing device with verified ealibt^tion prov,ded from a 
reference lab such as NIST The calib^on system 34 then increments the temperatu.. of 
the thermal env.ronmem to a second kno™ temperature and repeats the thennal 
measurement with the smar. temperature sensing device 1 0. The cal,bra.ion system 34 
..peats the steps umil a .„..,c,en. number of da« poin.s have been colleced. whereby .he 
computer 36 .hen has a number of signal values associa«d wi.h a number of known ' 
.empera.ures (pa.red da.a po.n.s). The computer 36 uses an algorithm to calculate a 
Plurahty ofealibration coefficients for a polynomial which represents a curve which 
matches the paired data points. 

Figure 5 is a .able which represents the paired data points gathered from .he 
cahbratton system 34 of Figure 4. Figure 5 has a calibration temperature column 38 
wh.ch l,s.s a plurality of ealibmtion temperatures; when .he calibmtion system 34 vanes 
*e tempen,.ure of .he enviromnen., temperature is recorded in the calibrat.on 
.emperature column 38. A sensor output column 40 lists all .he analog voltage signal 
values or resistance from the smart temperamre sensing device 1 0 gathered during .he 
recordation of ,he calibration sys.em 34. m .his m^er, .he .able has a p,„rali.y of pai„d 
dau points, namely the cahbratton temperature column 38 the sensor output column 
40, wheretn an ou.pu. votoge signal or resis,ance value is coupled or paired to each ' 
respective calibration .empera.ure. The las. column in Figure 5 is a calibmtion coefllciem 
column 42; , he compute, 36 of ,he cal,b,«ion system 34 takes the values for the paired 
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data points of calibration temperature column 38 and the sensor output column 40 and 
uses these paired data points to calculate the calibration coefficients. The computer 36 
utilizes the plurality of paired data points, in a preferred embodiment, in a least squares 
fitting algorithm to find a polynomial of minimal degree of the fonn: 

Temperature = CO + CI * EMF + C2* EMF- + C3*EMF^ + ... + C8*EMF«. 
wherein CO.Cl . etc. are the calibration coeff.ciems. The least squares fitting may also be 
artificially weighted so that the temperature at EMF = OV is about 0°C for thermocouple- 
type sensors. When higher order coefficients are equal to zero, it indicates that an 
acceptable curve fit was obtained with a polynomial of an order less than eight. The 
computer 36 downloads the calculated custom calibration coefficients into the memory 25 
of the smart temperature sensing device 10 which is illustrated in conjunction with Figure 



6. 



Figure 6 is a block diagram illustrating the computer 36 connected to the memor>' 
25 of the smart temperature sensing device 1 0. A memory address portion 43 is located 
within the memory 25 and represents predetermined, fixed addresses (A0-A8) at which 
the custom calibration -efficients reside within the memory 25. The processor 28 of the 
FSAU 12, when desiring to access the custom calibration coefficients of the memoo' 25, 
therefore knows where to look to find the custom calibration coefficients and other 
information unique to the particular temperature sensor 1 6. 

The use of custom, nonlinear calibration coefficients substantially improves the 
conversion accuracy over prior art linear methodologies. The improvemem in conversion 
accuracy is illustrated in Figure 7, which is a graph illustrating a thermocouple-type 
sensor as an example, having temperature (T) on the X-axis and the signal voltage (V) on 
the Y-axis. On the graph is a plurality of paired data points 44 (t„v,), (t^.v^), etc. collected 
in the manner described above in conjunction with Figures 4 and 5. In prior art linear 
approximations, a straight line approximation 45 is made using the paired data points. 
Then, when a voltage signal is received (Vo) the corresponding temperature (TJ on the 
straight line 45 is determined. As can be seen by the plurality of data points on this graph, 
however, the temperature sensor 16 does not behave in a perfectly linear manner over its 
temperature range, but rather behaves nonlinearly. In this particular example utilizing the 
nonlinear coefficients, the voltage signal (Vo) corresponds to a temperature To which is 
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lower than T,. The nonlinear coefficients for the polynomial that characterize the 
nonlinear voltage-temperature relationship 46 eliminate the error (AT) associated with 
prior art linear approximations. 

Figure 8 is a schematic diagram showing in detail the smart temperature sensing 
device 10 of Figure 3, namely a resistance temperature device (RTD) 47 coupled to an 
EEPROM 48. The RTD 47 ^d the EEPROM 48 represent a detailed representation of 
the temperature sensor 16 coupled to the memoo^ 25 within the handle portion 14 (or 
alternatively a separate subunit) of the smart temperature sensing device 10 of Figures 2 
and 3. The EEPROM 48 operates in conjunction with the RTD 47 in the following 
mam.er. After the computer 36 has gathered the paired data points and calculated the 
calibration coefficients associated with the particular probe, which in this case is the RTD 
47, and the user wishes to enable the calibration, the user places a jumper between the 
part enable pin and the power supply which is coupled to the voltage supply pin of the 
EEPROM 48. The chip select pin is driven high (by the computer 36) and the calibration 
coefficient data is incrementally read in (or clocked) through the DO and D I p.ns. When 
all the calibration coefficient data has been read into the EEPROM 48, the user 
disconnects the jumper between the part enable pin up and the power supply and 
subsequently places the jumper between the part enable pm and the ground pin which 
disables the downloading of calibration coefficients into the memory 25. 

Upon power-up, the processor 28 reads and downloads the calibration coefficient, 
resident within the EEPROM 48 into the memoo' 30 associated with the FSAU 12 The 
processor 28 pulls the chip select pin low which enables data to be read from the memor>^ 
2X The calibration coefficient data is clocked out of the DO and Dl pins and stored in the 
memory 30 for use by the processor 28. In this manner, the EEPROM 48 communicates 
the custom calibration coefficients to the processor 28 for use in converting analog signals 
received from the temperature sensor 16. The RTD 47. in this particular embodiment, 
senses the temperature by generating the analog signal and communicates that either 
directly to the analog-to-digital converter 32 or altemat.vely „,ay send that to the analog- 
to-d.g.tal converter 32 via the noise suppression circuit 26, as illustrated in Figure 3. 

Figure 9 is a schematic diagram illustrating the EEPROM 48 operating in 
conjunction with a thermocouple sensor 52. The EEPROM 48 operates in a similar 
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fashion as described in conjunction with Figure 7 and operates to enable calibration by 
clocking in the calibration coefficients from the processor 28. Subsequently the 
calibration coefficients data resident within the EEPROM 48 can be readout to the 
memory 30 by the processor 28 for use in accurately calculating the temperature. 

Although several embodiments of the invention have been disclosed for 
illustrative purposes, those skilled in the art will appreciate that various modifications, 
additions and substitutions are possible, without departing from the scope and spirit of the 
invention as defined in the accompanying claims. 
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CLAIMS 

' ^ temperature sensing device (10), eomprising- 

: '''''' '''' ^"^'"^'"^ ^ ( ^ ^) operable . sense a ..pe...- and 

a memoiy (25) integral to the sensor unit ri4W.h • u ^ ""^ 

2. The,empera,„res™ned=vice(10)ofclatal,wh=,ci„te„„„r 
class of sensors. "'-"dvjor or a particular 

d«a »™p„.. c..o™ .a,a „„ic. ^^^^^ _ 

The ,e™pe,a,u„ sensing device (10) of claim r. wherein ,h. „„„, 
ca ibration dan rnr^« - . ^v'lcrein the nonlinear 

a p,„rali,y of nonlinear calibration coefHciencs (42) 
"Herein .h pLl: I ~ ' ^ 

'-~.uhe_<ij:r:re::::;::r^ 

calibration data into electrical signal using the nonlinear 

^^^^ .n.o a ,e.pera,„re va,„e wh.ch represent ,he ,e.pera,ure a, ,hc sensor 

i cor;r'" "'T "^^"^ ^- » »-pp.essio„ 

suppres s c ~ 

sensor — ^. - 
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9. The sensing device (10) of claim 1 . wherein ihe sensor (16) comprises a 
resistance temperature device (47). 

1 0. The sensing device ( 1 0) of claim 1 , wherein the sensor ( 1 6) comprises a 
thermocouple device (52). 

11. The sensing device (10) of claim 1 , wherein the memory (25) comprises an 
electrically erasable programmable read-only memory (48) 

12. A smart temperature sensor system (10), comprising; 

a sensor (16) on a sensor unit (14), operable to sense a temperature; 

a memory (25) on the sensor unit (14), wherein the memory (25) contains 
nonlinear calibration data which characterizes the sensor (16); and 

a processor (28) remote from the sensor unit (1 4) in electrical communication with 
the sensor (16) and the memory (25), wherein the processor (28) receives the nonlinear 
calibration data from the memory (25) and an electrical signal from the sensor (16), and 
wherein the processor (28) utilizes the nonlinear calibration data to convert the electrical 
signal into a value that represents the temperature at the sensor (16). 

13. The smart temperature sensor system ( 1 0) of claim 1 2, wiierein the 
nonlinear calibration data comprises historical data that reflects nonlinear behavior of a 
particular class of sensors. 

14. The smart temperature sensor system (10) of claim 1 2, wherein the 
nonlinear calibration data comprises custom data which uniquely characterizes the sensor 
(16). 

15. The smart temperature sensor system (10) of claim 12, wherein the 
nonlinear calibration data comprises a plurality of nonlinear calibration coefficients (42). 

1 6. The smart temperature sensor system (10) of claim 1 2, wherein the 
processor (28) communicates with the sensor (1 6) and the memory (25) through a wired 
connection (20). 

17. The smart temperature sensor system (10) of claim 12, wherein the 
processor (28) communicates with the sensor (16) and the memory (25) through an RF 
connection. 

1 8. The smart temperature sensor system (10) of claim 12, wherein the 
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processor (28) communicates with the sensor ( 1 6) and the memory (25) through an IR 
connection. 

1 9. The smart temperature sensor systen^ (10) of claim 1 2, further comprising 
a no,se suppression circu.t (26) coupled between the sensor (,6) and the processor (.8, ^ 
wherem the noise suppression drcu.t (26) ehminates no.se. thereby providing a filtered' 
s.gnal to the processor (28) which ,s md.cative of the temperature at the sensor (16) 
20. The smar, thermal sensor system (10) of claim 12, further comprising an 
a..a,og-,o-digital converter (32) coupled between the sensor (1 6) and the processor (28) 
where,n the analog-to-digitai convener (32) is operable to convert the electrical signal " 
from the sensor (16) into a digital signal to be subsequently received by the processor 
(28). 

21. The smart thermal sensing system (10) of claim 12. further comprising a 
d.splay (22) coupled to the processor (28) for displaying a temperature value which ^ 
represents the temperature at the sensor (16). 

22. A method of calibrating a temperature sensor (16), composing the steps of- 
mcsunng an output value of the temperature sensor (16) over a ranee of 

temperatures, thereby obtaining a plurality of paired data pomts (38.40); and 

utilizing the plurality of paired data points (38,40) in a mathematical curve flttinu 
techn,que to ob.ain coeffi.ents (42) to a polynomial that charactenzes the performance if 
the sensor ( 1 6) over the temperature range. 

23. The method of claim 22 further comprising the step of storing the 
coefficients (42) within a memory (25) associated with the sensor (16). 

24. The method of claim 22. wherein the step of measuring the output value 
comprises measuring a voltage signal (40). 

25. The method of claim 22. wherein the step of measuring the output value of 
the sensor (16) overa range of temperatures comprises: 

measuring a voltage at a first known temperature in the temperature range- 
incrementing the temperature to a second known temperature u. the temperature 

range; 

measuring the voltage at the second known temperature; and 
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repeating the steps of incrementing the temperature and measuring the voltage at 
that temperature until the temperature range is traversed, thereby creating the plurality of 
paired data points (38,40). 

26. The method of claim 22, wherein the step of measuring the output value 
comprises measuring a resistance, 

27. The method of claim 22, wherein the step of utilizing the plurality of data 
points in a mathematical curve fitting technique comprises putting the data into a least 
squares fitting algorithm to calculate the polynomial coefficients (42). 

28. The method of claim 27, wherein the polynomial is of a form T = CO + 
CI *EMF 4- C2*EMF2 + C3*EMF^ + . . . + C8*EMF«, and wherein CO, CI, . . C8 are the 

1 5 coefficients. 

29. The method of claim 27, further comprising the step of artificially 
w'eighing the least squares fitting algorithm so that the temperature at a voltage value of 
zero is zero degrees Celsius. 

30. A method of making temperature measurements, comprising the steps of: 
sending at least one nonlinear c::i;bration datum from a sensor (16) to a pro^-essor 

(28); 

measuring a temperature with the sensor (16), wherein the sensor ( 1 6) converts the 

temperature to an electrical signal; 

communicating the electrical signal from the sensor (16) to the processor (28); and 
converting the electrical signal into a temperature reading by utilizing the at least 

one nonlinear calibration datu.n in a conversion algorithm. 

31. A method of providing custom calibration sensors ( 1 6) for measuring 
temperature, comprising the steps of 

measuring a vohage signal (40) of a thenmal sensor (16) over a range of 
^0 temperatures (38), thereby creating a plurality of paired data points (38,40); 

calculating a plurality of custom nonlinear calibration coefficients (42) that are 
uniquely associated with the sensor (16) using the plurality of paired data points (38,40); 
and 

storing the custom nonlinear calibration coefficients (42) in a memory (25) 
3 5 associated with the sensor (16). 
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32. 



A smart thermaJ sensing device (10). comprising: 



a sensor (,6) on a sensor unit (M), wherein the sensor (,6) is operable to sense a 
temperature; and . 

sense I °° " cus,on, 

comprises at least one of: 

one or more nonlinear calibration coefficients (42), a time constant 
-tntenance data, intended use environment data, regulator data, or cold junction 
compensation coefficients. 
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AMENDED CLAIMS 
[received by the International Bureau on 20 March 1998 (20 03 g«v 
or.g.nal cla,n>s 1 and ,2 amended; remaining claims u„chiifd?5 pages), 

1 . A temperature sensing device ( 1 0), comprising: 

a sensor unit (,4) including a sensor ( 1 6) operable to sense a temperature- and 
a memoty (25) integral to the sensor unit (14), wherein the memory (25) contains 
nonhnear calibration data which characterize the sensor ( , 6) and wherein the nonlinear 
cahbration data is independent of conversion circuit^' for utilizing the nonlinear 
cahbration data in generating an output indicative of the temperature. 

2. The temperature sensing device (10) of claim 1, wherein the nonlinear 
calibration data comprises historical data that reflects nonlinear behavior of a particular 
class of sensors. 

3. The temperature sensing device (10) of claim 1. wherein the nonlinear 
calibration data comprises custom data which uniquely characterizes the sensor (16). 

4. The temperature sensing device (10) of claim 1, wherein the nonlinear 
calibration data comprises a plurality of nonlinear calibration coefficients (42). 

5. The temperature sensing device (10) of claim 1, farther comprising a 
connector (20) for coupling a processor (28) to the sens^. (, 6) and the memoty (25) 
wherein the processor (28) is operable to access the nonlinear calibration data from the 
memory (25) and receive an electrical signal from the sensor (16) which is indicative of 
the temperature at the sensor (16), and to convert the electrical signal using the nonlinear 
calibration data into a temperature value which represents the temperature at the sensor 
(16). 

6. The sensing device (10) of claim 5. further comprising a noise suppression 
crcuit (26) coupled between the sensor (16) and the processor (26), wherein the noise 
suppression circuit (26) eliminates noise, thereby providing a filtered signal to the 
processor (28), and wherein the filtered signal is indicative of the temperature at the 
sensor (16). 

7. The sensing device (10) of claim 5, further composing an analog-to-digital 
converter (32) coupled between the sensor (16) and the processor (28) wherein the 
analog-to-digital converter (32) is operable to convert the electrical signal from the sensor 
(16) into a digital signal to be utilized by the processor (28). 
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8. The sensing device (10) of claim 5, further comprising a display (22) 
coupled to the processor (28) for displaying the temperature value which represents the 
temperature at the sensor (16). 

9- The sensing device (10) of claim I, wherein the sensor (16) comprises a 
resistance temperature device (47). 

10. The sensing device (10) of claim 1, wherein the sensor (16) comprises a 
thermocouple device (52). 

1 1. The sending device (10) of claim 1, wherein the memory (25) comprises an 
electrically erasable programmable read-only memory (48). 

12. A smart temperature sensor system ( 1 0), comprising: 

a sensor (16) on a sensor unit (14), operable to sense a temperature; 

a niemoo' (25) on the sensor unit (14), wherein the memory (25) contains 
nonlinear calibration data which characterizes the sensor (16) and wherein the nonlinear 
calibration data is independent of conversion circuitry for utilizing the nonlinear 
calibration data in generating an output indicative of the temperature; and 

a processor (28) remote from the sensor unit (14) in electrical coinmunicaticr: with 
the sensor (16) and the memorj- (25), wherein the processor (28) receives the nonlinear 
calibration data from the memory (25) and an electrical signal from the sensor (16), ai.d 
- wherein the processor (28) utilizes the nonlinear calibration data to convert the electrical 
signal into a value that represents the temperature at the sensor (16). 

13. The smart temperature sensor system (10) of claim 1 2, wherein the 
nonlinear calibration data comprises historical data that reflects nonlinear behavior of a 
particular class of sensors. 

1 4. The smart temperature sensor system ( 1 0) of claim 1 2, wherein the 
nonlinear calibration data comprises custom data which uniquely characterizes the sensor 
(16). 

15. The smart temperature sensor system (10) of claim 12, wherein the 
nonlinear calibration data comprises a plurality of nonlinear calibration coefficients (42). 

16. The smart temperature sensor system (10) of claim 12. wherein the 
processor (28) communicates with the sensor (16) and the memory (25) through a wired 
connection (20), 
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1'. ■n'=^"«rt.empen„urese„s„rsys.em(10)ofcla,m 12, wherein , he 
18. The sman .empera.urc ,e„s„r sys,e„, (, 0) of cla™ 1 2. wherein the 



'^'"™"""'P'-"--"-"y«=n.(,0)orcla,„,I2.tahere„„,prising 
a no.se suppression circui. (26, eo.plcd berween ,he sensor (,6) and ,he processor (28) 
w cre,„ .,,e noise s„„ e.rcni. (2« eh„i„a,es noise, U,e„hy providing a J 
srgna, ,o .he proeossor (28, which is indicarive of ,he .e„e a, ,he sensor (,6) 
20. Thes,„ar,Aen„aise„sorsysiem(,0,ofclaiml2,ft,r.hercomprisingan 

ana,og-,„^igi,a,eonve„er(32)coup,edhe,weenU,esensor(,6, and ,he processor (28, 
wherern ,Ke a„a,og-,„.digi,a, converter (32, is „^„h,e ,o convert ,he elecriea, signal 
fron, the sensor (,a, i„,„ a digital signal to be subsequently received by the processor 

21. Th'^"'«*=™alse„s,„8sys.en,(,0)ofclai„r,2,amhercomprisinga 
dtsplay (22) coupled to the processor (28, for d.splaying a temperature value which 
represents the temperature at the sensor (16). 

22. A nrethod of calitaing a terppcrature sensor (,6), comprising the steps of 
measuring at, output value of the tentperatu,, sensor (16) over a t^ge of 

-emperatures, thereby obtaining a plurality of paired data points (38 40). and 

"'"-"S^^P'-lfyofpaired data poinM38,40) in a mathematical curve fitting 
^hm,ue to Obtain coemcients (42) to a polynomial U«t characterises the performance f 
the sensor (16) over the temperature range. 

23. The method of claim 22 further comprising the step of storing the 
coefficients (42) within a memory (25) associated with the sensor (16) 

24. The method of Cairn 22, wherein the step of measuring the output value 
compnses measuring a voltage signal (40). 

25 The method of claim 22. wherein the step of measuring the output value of 
the sensor (16) over a range of temperatures comprises: 

measuring a voltage at a first known temperature in the temperature range; 
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incrementing the temperature to a second known temperature in the temperature 

range; 

measuring the voltage at tlie second known temperature; and 

repeating the steps of incrementing the temperature and measuring the vohage at 

that temperature untH the temperature range is traversed, thereby creatmg the plurality of 

paired data points (38,40). 

26. The method of claim 22, wherein the step of measuring the output value 
comprises measuring a resistance. 

27. The method of claim 22. wherein the step of utilizmg the plurality of data 
pomts in a mathematical curve fittmg techmque comprises putting the data into a least 
squares fitting algorithm to calculate the polynomial coefficients (42). 

28. The method of claim 27, wherein the polynomial is of a form T = CO + 

Ci*EMF + C2*EMF- + C1*FMF^ + ^nQ*T:\AT-i, j , 

c^mr ^ tMh + . . , + C8*EMF^ and wherein CO, CI, . , C8 are the 

coefficients. 

29. The method of claim 27, further comprising the step of artificially 
weighing the least .^^^ fitting algorithm so that the temperature at a voltage value of 
zero is zero degrees Celsius. 

30. A method of making temperature measurements, comprising the steps of: 

. sending at least one nonlinear calibration datum from a sensor (1 6) to a processor 

(28); 

measuring a temperature with the sensor (16), wherem the sensor (16) converts the 
temperature to an electrical signal; 

communicating the electrical signal from the sensor (16) to the processor (28); and 
converting the electrical signal into a temperature reading by utilizing the at least 

one nonlinear calibration datum in a conversion algorithm. 

31. A method of providing custom calibration sensors (16) for measuring 

temperature, comprising the steps of: 

measuring a voltage signal (40) of a themial sensor (16) over a range of 
temperatures (38), thereby creating.a plurality of paired data points (38.40); 
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calculalmg a plurality of cus.on, nonlinear calibration cocfflciems (42) rha, arc 
.n.<,n=ly associated wiU, »,e sensor (16) „sn,g ,he p,„„|i,y „f p^;^ p„.„,^ 



and 



storing the custom nonlinear calibration coefficients (42) in a memory (25) 
associated with the sensor (16). 

32. A smart thenna! sensing device ( 1 0). comprising: 
a sensor (16) on a sensor unit (14), wherein the sensor (16) is operable to sense a 



temperature; and 
a 



memory (25) on .he .cnsor u„i, ( N), „„ere,„ ,hc ™en,ory (25) c„n«i„s cosron, 
sensor data uniquely associa.cd wi,,, ,„e sensor ( , 6), and wherein ,he custom sensor data 

comprises at least one of: 

one or more nonlinear calibration coefficients (42), a time constant 
maintenance data, intended use environment data, regulatory data, or cold junction 
compensation coefficients. 
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